ABSTRACT Pedological criterion affecting desertification in alluvial fans was investigated, for which the map of units was prepared by crossing maps of land use, geology, slope classes and grid layer created by the extension of ET Geo-Wizards in ArcGIS 10.3. Three indices of salinity, erodibility, and permeability of soil were considered and classified. Weights of criteria and consistency ratio were calculated by the AHP method and ELECTRE I method was used to prioritize the options. After creating the weighted super matrix and calculating the concordance and discordance matrix, the difference between dominance and defeat values were calculated. The results showed that the difference in values obtained from AHP-ELECTRE I technique varied from -15 to 16. The alluvial fans were classified into three classes of I, III, and IV from the viewpoint of pedological criterion affecting desertification by using AHP-ELECTRE I technique. Results showed that 71.99% of the area was in the low desertification potential, while 2.19% and 25.82% were in the high and very high desertification potential, respectively.
INTRODUCTION
Land degradation is defined as desertification and its management is a common measure in watershed management. Various factors, including climatic variations and human activities can lead to the land degradation (UNCCD, 2012) . Vegetation is an effective way to prevent soil erosion that besides playing an important role in soil and water conservation (Lieskovský and Kenderessy, 2014) , it can increase hydraulic roughness on the slopes and leads to the most resistance in comparing with other surface roughness (Zhao et al., 2015) . Sheikh et al. (2016) also indicated the role of aspects and slopes on runoff generation and soil erosion.
Land degradation and desertification has been studied from different viewpoints Kashki, 1997; Tahmasebi, 1998; Rajabi Aleni, 2001; Sarabian, 2002; Metternicht et al., 1996; Esenov et al., 1999; Sadeghiravesh et al., 2014; Xu et al., 2015; Eskandari et al., 2016) . Vieira et al. (2015) prioritized areas from the viewpoint of desertification potential based on various effective factors. Salehpour Jam (2006) investigated desertification potential of kinds of rock units in the Rude-shoor watershed area using the fuzzy logic method, based on which the function of 0.8 introduced. Salehpour Jam and Karimpour Reihan (2016) prioritized desertification potential in the south east of Rude-shoor watershed area into three classes using AHP-TOPSIS technique. Symeonakis et al. (2014) estimated the environmental sensitivity through a modified model of ESAI, considering 10 parameters of groundwater quality, soil erosion, demographic and grazing pressure.
Application of MCDM techniques and kinds of attributes affecting land degradation is very important in investigation of desertification potential in alluvial fans that consist of susceptible geological formations to erosion. The AHP is a powerful tool to prioritize alternatives and criteria on the basis of the pairwise comparison of both. The elimination and choice translating reality (ELECTRE) method plays the main role in decision making, as it uses concordance and discordance indices to prioritize alternatives. MCDM techniques have been used to determine desertification potential (Grau et al., 2010; Sepehr et al., 2011; Sepehr and Zucca, 2012; Sadeghiravesh et al., 2014) . For instance, Grau et al. (2010) used the three models of AHP, ELECTRE, and PROMETHEE to prioritize alternatives in order to manage desertification; Sadeghiravesh et al. (2011 Sadeghiravesh et al. ( , 2014 used the analytical hierarchy process to prioritize alternatives and also assessed de-desertification options using AHP-ELECTRE.
The aim of this research was prioritization of desertification potential of alluvial fans from the viewpoint of effects of pedological criterion on desertification potential using AHP-ELECTRE I technique.
MATERIALS AND METHODS

Research area
The Rude-shoor watershed area covers 17000 km 2 , 42 and 58 percent of which are plain and highlands, respectively. This area, extending from 48º ‫׳03‬ to 51º ‫׳00‬ E and 35º ‫׳12‬ to 36º ‫׳03‬ N, is located between two different geological structures of the central Iran and south Alborz that consists of different susceptible geological formations to erosion. The prioritization of desertification potential of the alluvial fans located in the southeast of this area was investigated from the viewpoint of pedological criterion by using AHP-ELECTRE technique ( Figure 1 ). After creating the digital elevation model, the map of slope classes was prepared using ArcGIS 10.3. It was classified using slope classes of 1 (0-1%), 2 (1-2%), 3 (2-4%), 4 (4-8%), 5 (8-15%), and 6 (>15%). The land use map of the area, obtained from "Watershed Atlas" (SCWMRI, 2008) , was used by monitoring it using Landsat 8, Google Earth, and field studies (Figure 3 ). After preparing three maps of the slope classes, rock units, and land uses, the map of work units was created using ArcGIS by crossing them. After creating units, grids of 1000 X 1000 m 2 in the research area were created using an extension of ET GeoWizards in ArcGIS to create final units.
The study area was classified into two classes from the viewpoint of resistance coefficient to erosion, according to the soil texture samples, the limits of resistance coefficient to erosion , and coefficient of erodibility (Morgan, 1986) .
Classification from the salinity viewpoint was conducted by using the electrical conductivity (mmho.cm -1 ) of 159 saturated mud samples, based on which 4 classes of salinity (low (0≤ EC <2), moderate (2 ≤ EC <4), high (4≤ EC <8), and very high (8≤ EC) were differentiated (USSL, 1954) .
The permeability of the area was based on the coefficients measured according to the Darcy‫׳‬ s law (Bouwer, 1978) 
Computing weights and prioritization
In order to compute the weights for the different attributes, the following steps were taken using the AHP technique:
(1) Creating a pairwise comparison matrix, in which the comparisons between each Downloaded from ecopersia.modares.ac.ir at 15:47 IRDT on Saturday August 3rd 2019 criterion was done based on Satty's scale (giving the preference of criteria depending on the relative importance of them based on the numerical values between 1 and 9). In this research, the questionnaires of the analytical hierarchy process were filled by 24 experts.
(2) Creating the normalized pairwise comparison matrix (3) Calculating the weights of criteria (4) Calculating the Consistency Ratio (CR) (Equation 1).
Where, RI is the Random Inconsistency Index, obtained from Table 2 . CI is the Consistency Index, calculated by the Equation 2, after calculating the λ max :
Where, N is the number of alternatives in the decision matrix, and λ max is the maximum eigenvalue calculated by averaging the values of the consistency vector.
In this research, ELECTRE method was used to prioritize the options, the main idea of which was based on concordance and discordance concepts (Roy and Vanderpooten, 1997) . The following steps were set for priorities: Table 2 Random inconsistency indices (Satty, 1980 (1) Creating decision matrix (A): (4) Making sure of the interval sets of concordance and discordance, since the reliability design scheme decision is a multipleattribute decision with preference information (Pang et al., 2011) . For each pair of k and l options, set of criteria (J= {1, 2, …, m}) was classified into two concordance and discordance subsets. In the following formulation, the attribute sets were divided into two different sets of concordance interval set (C kl ) and discordance interval set (D kl ). The concordance interval set is applied to describe the dominance query if the following condition is satisfied:
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On completion of C kl , we obtain the discordance interval set (D kl ) using Equation 7.
(5) Creating concordance matrix. According to the deciders' preference for alternatives, the concordance interval index (C kl ) can be obtained using Equation 8 
Based on the discordance index mentioned above, the discordance index matrix (g) is given by Equations 16 and 17: Weights of criteria and consistency ratio derived from AHP are presented in Table 4 . Because of the consistency ratio is less than 0.1 (CR ≤ 0.1), the values of subjective judgment are considered acceptable. Table 6 The discordance matrix of research area, southeast of Rude-shoor watershed area, Tehran province, IRAN   V17  V16  V15  V14  V13  V12  V11  V10  V9  V8  V7  V6  V5  V4  V3  V2  V1 Options 0.000 0.000 * 0.000 1.000 1.000
V17
V4
1.000 1.000 0.000 0.950 0.170 0.000 0.000 0.000 0.024 1.000 0.000 0.000 * 1.000 1.000 1.000 1.000
V5
1.000 1.000 1.000 1.000 1.000 1.000 0.311 0.000 1.000 1.000 0.000 * 1.000 1.000 1.000 1.000 1.000
V6
1.000 1.000 1.000 1.000 1.000 1.000 0.463 0.115 1.000 1.000 * 1.000 1.000 1.000 1.000 1.000 1.000 V7 0.481 1.000 0.000 0.378 0.036 0.000 0.000 0.000 0.000 * 0.000 0.000 0.000 1.000 1.000 1.000 1.000
V8
1.000 1.000 0.000 1.000 0.568 0.000 0.000 0.000 * 1.000 0.000 0.000 1.000 1.000 1.000 1.000 1.000
V9
1.000 1.000 1.000 1.000 1.000 1.000 1.000 * 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
V10
1.000 1.000 1.000 1.000 1.000 1.000 * 0.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 V11 Downloaded from ecopersia.modares.ac.ir at 15:47 IRDT on Saturday August 3rd 2019 Figure 10 ). After determining desertification potential in alluvial fans by using AHP-ELECTRE I Technique, the control map was created according to the field measurements in each unit based on plant covers and soil degradation. This map has two classes of maximum and minimum desertification potential in the research area (Figure 11 ). The I and IV classes Downloaded from ecopersia.modares.ac.ir at 15:47 IRDT on Saturday August 3rd 2019 have a maximum and minimum desertification intensity, respectively. Overlaying and crossing the map using AHP-ELECTRE I with the control map indicated that there was the overlapped area of 97.8% between equal desertification potentials in the research area and the AHP-ELECTRE I technique was a suitable model (Table 10 ). Also, the overlaying and crossing the ranked map of desertification potential (based on the pedological criterion) with the geological map determined the soil desertification potential (Table 11) .
Downloaded from ecopersia.modares.ac.ir at 15:47 IRDT on Saturday August 3rd 2019 The results showed that almost 72% of the area was in the low desertification potential, and 2.2% and 25.8 % were in the high and very high desertification potential, respectively.
DISCUSSION AND CONCLUSION
In this research, prioritization of desertification potential using AHP-ELECTRE I technique was introduced to watershed management. The results of this research showed that the alluvial fans in research area were classified into three classes of I, III, and IV from the viewpoint of pedological criterion affecting desertification. The alluvial fans in the study area, originated from different susceptible geological units to erosion, were classified into the very high desertification potential, which was similar to result of Salehpour Jam (2006) who investigated the role of geological criterion on land degradation. He found the function of 0.8 from the fuzzy logic method to prioritize desertification potential of rock units, which indicated that the youngest and young gravel fans located in the south of Halgheh-Darreh had the maximum desertification potential in the Rude-shoor watershed area. Karimpour Reihan et al. (2007) found that alluvial fans had different classes of desertification potential in the south of the Rude-shoor watershed area. Feiznia and Nosrati (2007) showed that the erodibility of rock units increased when lithology of geological units shifted from basalt to alluvial deposits and finally gypsum. The results from the AHP method also showed that salinity was the most important factor affecting land degradation and desertification, while the other factors, such as resistance coefficient to erosion and the permeability coefficient, had less importance.
Finally, it is important to note that the multiple criteria decision making techniques can be also used to prioritize de-desertification Downloaded from ecopersia.modares.ac.ir at 15:47 IRDT on Saturday August 3rd 2019
